Key indicators: single-crystal X-ray study; T = 100 K; mean (C-C) = 0.001 Å; R factor = 0.039; wR factor = 0.120; data-to-parameter ratio = 16.4.
One of the tertiary amine atoms has been protonated in the title salt, C 36 H 57 N 4 + ÁNO 3 À . The four N atoms of the macrocycle are almost coplanar (r.m.s. deviation = 0.0053 Å ), a result correlated with the formation of intramolecular N-HÁ Á ÁN and N-HÁ Á Á(N,N) hydrogen bonds. With respect to this plane, the benzyl groups lie to either side; a similar arrangement pertains for the cyclohexyl rings (each with a chair conformation). Helical supramolecular chains are evident in the crystal, whereby alternating cations and anions are linked by C-HÁ Á ÁO interactions. The chains are consolidated into supramolecular arrays in the ab plane via C-HÁ Á Á contacts involving both benzene rings. Table 1 Hydrogen-bond geometry (Å , ).
Related literature
Cg1 and Cg2 are the centroids of the C2-C7 and C20-C25 benzene rings, respectively. 
Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010).
ormed with rings (C2-C7) and (C20-C25), respectively. Similarly, the cyclohexyl rings, each with a chair conformation, lie to either side of the N 4 plane.
The anion is associated with the cation via C-H···O contacts, Table 1, so that the nitrate-O1 forms a contact with a benzyl-methylene-H, and the nitrate-O3 atom bridges a methylene-H derived from a cyclohexyl ring and a methylene-H from the macrocyclic framework. The result is the formation of a helical supramolecular chain along the b-axis, Fig. 2 .
Chains are consolidated into layers in the ab-plane via C-H···π interactions involving benzene rings, Table 1 and Fig. 3 .
Experimental
The macrocycle, 5, 16-diethyl-2,6,13,17-tetraazatricyclo[14.4.0 1,18 .0 7, 12 ]docosane, was prepared according to a published procedure (Lim et al., 2006) . To a solution of this macrocycle (0.61 g, 2.0 mmol) in methanol (10 ml) was added benzyl bromide (0.68 g, 4.0 mmol) and a solution containing sodium carbonate (0.42 g, 4.0 mmol) in water (5 ml). The mixture was refluxed for 24 h. The solution was cooled, the white solid collected and washed with water. The title di-benzyl substituted macrocyclic nitrate was the unexpected colourless by-product that was obtained when copper nitrate trihydrate (0.06 g, 0.25 mmol) and the dibenzyl-substituted macrocycle (0.16 g, 0.29 mmol) was reacted in THF (10 ml). The compound was recrystallized from acetonitrile-water (1:1) in the form of colourless prisms.
Refinement
Carbon-bound H-atoms were placed in calculated positions [C-H 0.95 to 0.98 Å, U iso (H) 1.2 to 1.5U eq (C)] and were included in the refinement in the riding model approximation. The amino H-atoms were located in a difference Fourier map, and were refined with a distance restraint of N-H 0.88±0.01 Å; their U iso values were refined. 
Hydrogen-bond geometry (Å, °)
